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Abstract
Integration basically refers to anti differentiation.  Some simple applications of integration include calculating the area under a 
curve or volume of curves revolution. There are two main reasons for numerical integration: analytical integration may be
impossible or infeasible, and in integrating tabulated data rather than known functions.  There are several numerical methods
to approximate the integral numerically such as through the trapezoidal rule, Simpson’s 1
3
method, Simpson’s 3
8
method and
Gauss Quadrature method.  Solving numerical integral through the Gauss Quadrature method leads to complicated function
calculation which may yield wrong results.  Hence, there is a need to design a suitable tool in teaching and learning the
numerical methods, especially in Gauss Quadrature method.  Here, we present a new tip to approximate an integral by 2-point 
and 3-point Gauss Quadrature methods with the aid of the Casio fx-570ES plus scientific calculator.  In doing so, we
employed the CALC function into the Casio fx-570ES plus scientific calculator to calculate the complicated function
calculation results from Gauss Quadrature method.  It is found that the way suggested here is faster than the normal direct 
calculation and the solution obtained is significantly more accurate.  We conclude that the new tip increases the interest of
students in learning the numerical integral by Gauss Quadrature method.
.
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1. Introduction
  Integration basically refers to anti differentiation.  Some of the simple applications of integration include
calculating the area or volume under a curve or several curves. 
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Numerical integration is needed when analytical integration may be impossible or infeasible, or in integrating 
tabulated data rather than known functions.  There are several numerical methods to approximate the integral 
numerically such as through the trapezoidal rule, Simpson’s 
3
1 method, Simpson’s 
8
3  method and Gauss   
Quadrature method.  Solving numerical integral through the Gauss Quadrature method leads to complicated 
function calculation which may yield wrong results. 
     CALC button in Casio fx-570MS Calculator provides the ability to input the function by using the nine 
variables (A, B, C, D, E, F, X, Y and M) and calculates for the values of the function.  Tay (2006) proposes the 
use of this CALC ability in the subject of Numerical Methods, but did not include the topic of Numerical Integral 
by Gauss Quadrature method.  The use of the new Casio fx-570ES scientific calculator model was suggested as 
well, see e.g, Tay (2011). Again, the topic of Numerical Integral by Gauss Quadrature method was not included 
in Tay (2011). Guerrero-García and Santos-Palomo (2008) developed a collection of non-trivial keystroke 
sequences in Casio fx-570MS calculator to solve several numerical methods similar to Tay (2006), except for the 
Numerical Integral by Gauss Quadrature method.  
A series of papers working on solving numerical methods in classroom and examination situation using the 
calculator, focusing on nonlinear equation, systems of linear equations, matrix computation, approximation of 
integration and computing of eigenvalues, can be seen in Abdul Kahar (2009, 2010), Cheong TH (2010), and Lim 
(2010, 2011). However, literature works dealing with Interpolation through the Lagrange method  using the 
scientific calculator has yet to be explored. Therefore, in this paper, we present a calculator tip in approximating a 
missing function value through the Lagrange interpolating polynomial with the aid of Casio fx-570ES plus 
scientific calculator in classrooms and examinations to tackle the drawbacks from the direct calculation of 
scientific calculators.  
In Section 2, the background of Lagrange Interpolating Polynomial is provided. In Section 3, we present a 
numerical example to be solved by using Lagrange interpolating polynomial up to degree four. In Section 4, the 
calculator tip based on the Lagrange Interpolating Polynomial is provided. Lastly, in Section 5, we give the 
conclusion for this paper.  
 
2. Numerical Integral by Gauss Quadrature 
Consider an integral 
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By substituting the following substitution  
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into Eq. (1), the integral converts into function of x and the limit changes from -1 to 1 as the following:  
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Later, by using 2-point Gauss Quadrature 
 
1
1
1 1( )
3 3
g x dx g g

ª º§ · § ·  « »¨ ¸ ¨ ¸© ¹ © ¹¬ ¼³  (4) 
 
or 3 –point Gauss Quadrature  
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the original integral (1) will be computed by 2 –point Gauss Quadrature as 
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Or 3 –point Gauss Quadrature as  
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3. Numerical Example 
 
    The velocity (m/s) of an upward rocket at time t seconds is given by  
0
0
( ) ln mv t u gt
m qt
§ · ¨ ¸© ¹
 
where m0 is initial mass of rocket at 0t   (kg ), q is rate at which fuel is expelled (kg/s ), and u is velocity at 
which the fuel is being expelled (m/s ).  Given the initial mass of the rocket is 100,000 kg and the rocket expels 
fuel at a velocity 1400 m/s at a consumption rate of 1500 kg/s and 29.81 / .g m s   Find the vertical distance 
travelled by the rocket from time 10t   to time 20t   seconds by using 2-point and 3-point Gauss Quadrature.  
If the exact solution is 20 0 0
0
1( ) ( ) ln ln( ) ,
2
m umd t v t dt ut ut m qt gt
m qt q
§ ·     ¨ ¸© ¹³  find the absolute 
error. 
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Solution 
 
Step 1: Express the distance function  
10 20
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Step 2: Using the substitution 
( ) ( ) ( ),
2 2
b a x b a b at dt dx      
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Step 3: Substitute the substitution in Step 2 into Step 1 
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Step 4: Solution by 2-point Gauss Quadrature 
100000 11400ln 9.81(5 15)
31100000 1500 5 15
3
( ) 5
100000 11400ln 9.81(5 15)
31100000 1500 5 15
3
2118.8780
d t
­ ½§ ·° °¨ ¸ § ·° °¨ ¸   ¨ ¸° °¨ ¸§ ·§ · © ¹  ° °¨ ¸¨ ¸¨ ¸¨ ¸© ¹° °© ¹© ¹ ® ¾§ ·° °¨ ¸° °§ ·¨ ¸° °  ¨ ¸¨ ¸§ ·° °§ · © ¹ ¨ ¸¨ ¸° °¨ ¸¨ ¸© ¹© ¹© ¹¯ ¿
  
Step 5: Solution by 3-point Gauss Quadrature. 
    
    
    
5 1000001400ln 9.81(5 0.6 15)
9 100000 1500 5 0.6 15
8 100000( ) 5 1400ln 9.81(5 0 15)
9 100000 1500 5 0 15
5 1000001400ln 9.81(5 0.6 15)
9 100000 1500 5 0.6 15
d t
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4. Calculator Tips 
    In this section, we are going to show how to make use of the Casio fx-570ES plus scientific calculator to make 
the Gauss Quadrature calculation easy, interesting and accurate.  The complicated function calculations in Step 4 
and Step 5 in Section 3 can be simplified by inputting the function 
 
100000( ) 1400ln 9.81(5 15)
100000 1500 5 15
g x x
x
§ ·  ¨ ¸¨ ¸ © ¹
 into the calculator and then to just input the two points 
or three points of the values of x , respectively to a 2-point or 3-point Gauss quadrature without repeating wiring 
up and pressing its arithmetic operation.  For instance, Step 4 and Step 5 with will be recalculated as 
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Step 4 
 
> @
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Step 5 
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By inputting the function ( )g x  into the scientific calculator, we just need to input corresponding points of 
values of x  to calculate its function values easily and quickly without repeating writing up and pressing its 
arithmetic operation.  The desired integral can then be obtained later on. 
5. Discussion and Conclusion 
    In implementing the calculator tips in Section 4, we made the complicated function calculations of Gauss 
Quadrature much easier, interesting, faster and more accurate since students would just need to input 
corresponding x  values, but not repeat the writing up and pressing the arithmetic operation.  We hope this 
calculator tip can improve students’ interest and performance in numerical integral by Gauss Quadrature method. 
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